(19) 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



EP 1 538 437 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) Intel 7; G01N 25/18, G01N 27/18, 


08.06.2005 Bulletin 2005/23 


B01D 53/94, F01N3/08 


(21) Application number; 03795368.4 


(86) International application number; 




PCT/JP2003/011568 


(22) Date of filing: 10.09.2003 






(87) International publication number: 




WO 2004/025286 (25.03.2004 Gazette 2004/13) 


(84) Designated Contracting States: 


• KAWANISHI, Toshiaki 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


MITSUI MINING & SMELTING CO., 


HU IE IT LI LU MC NL PT RO SE SI SK TR 


Ageo-shi, Saitama 362-0021 (JP) 


Designated Extension States; 


• YAMAGISI^I, KiyoshI 


AL LT LV WIK 


MITSUI MINING & SMELTING CO., 




Ageo-shi, Saitama 362-0021 (JP) 


(30) Priority; 10.09.2002 JP 2002264603 






(74) Representative: Hall, Matthew Benjamin et al 


(71) Applicant: IVIItsul IVIining & Smelting Co., Ltd. 


Frank B. Dehn & Co. 


Tol(yo 141-8584 (JP) 


179 Queen Victoria Street 




London EC4V 4EL (GB) 


(72) Inventors: 




• TAKJVHATA, TaltayuIci 




It/IITSUI MINING & SMELTING CO. 




Ageo-shi, Saitama 362-0021 (JP) 





(54) 



UREA CONCENTRATION IDENTIFYING SYSTEM, METHOD FOR IDENTIFYING UREA 
CONCENTRATION AND AUTOMOBILE EXHAUST GAS REDUCING SYSTEM USING SAME, 
AND METHOD FOR REDUCING AUTOMOBILE EXHAUST GAS 



(57) The concentration of the urea of a urea solution 
Is Identified accurately and immediately, A pulse voltage 
Is applied for a predetermined time to a urea concentra- 
tion identifying sensor heater including a heater and an 
identifying liquid temperature sensor provided in the vi- 

Fig. 2 



cinlty of the heater, a urea solution to be identified is 
heated by the heater, and the concentration of the urea 
is identified with a voltage output difference VO corre- 
sponding to a temperature difference between an initial 
temperature and a peak temperature in the identifying 
liquid temperature sensor. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an apparatus 
and method for identifying the concentration of the urea 
of a urea solution, and an apparatus and method for re- 
ducing the exhaust gas of a car using the apparatus and 
method. 

BACKGROUND ART 

[0002] Conventionally, the exhaust gas of a car con- 
tains pollutants such as unburned hydrocarbon (HQ), an 
NOx gas and an SOx gas. in order to reduce the pollut- 
ants, therefore. Sulfur (S) In a gasoline or light oil Is re- 
moved for the Sox or unburned Hydrocarbon (HC) Is 
burned by a catalyst, for example. 
[0003] More specifically as shown in Fig. 13, a car 
system 100 takes air in through an automatic element 
(filter) 1 02 and feeds the air into an engine 1 06 through 
an air flow sensor 1 04. Moreover, the car system 1 00 
feeds a fuel in a fuel tank 108 Into the engine 106 
through a fuel pump 110. 

[0004] Based on the result of the detection of an A/F 
sensor 1 1 2, the injection of the fuel in the engine 1 06 is 
controlled by a fuel injection control device 114 in order 
to have a predetennined theoretical air fuel ratio. 
[0005] For an exhaust gas fed from the engine 106, 
hydrocarbon (HC) in the exhaust gas is bumed by a cat- 
alytic device 116 and is then discharged as the exhaust 
gas through an oxygen concentration sensor 118. 
[0006] In consideration of the influence of the NOx In 
the exhaust gas on an environment,, recently, there has 
been proposed a method of supplying a urea solution to 
the catalytic device 116, thereby reducing the NOx to be 
non-toxic as an N2 gas in order to decrease the NOx In 
the exhaust gas discharged from the fuel of a car, for 
example, a gasoline or light oil. 
[0007] More specifically as shown in Fig. 1 3, the car 
system 100 has such a structure as to supply a urea 
solution to the upstream side of the catalytic device 1 1 6 
through a urea solution supplying mechanism 130 con- 
stituted by a urea solution tank 132 for storing a urea 
solution, a urea pump 1 34 and a urea spraying device 
136 for spraying the urea solution fed from the urea 
pump 1 34 onto the upstream side of the catalytic device 
116. 

[0008] In such a car system, it is suitable that 32,5% 
by weight of urea and 67.5% by weight of HgO should 
be set in orderto efficiently generate a reducing reaction 
at the upstream side of the catalytic device 1 1 6 without 
causing the urea solution to cake, for example, 
[0009] For this reason, conventionally NOx sensors 
1 40 and 1 42 have been provided at the upstream and 
downstream sides of the catalytic device 116 respec- 
tively to measure the concentration of NOx in order to 
decide whether or not the concentration of a urea 



sprayed onto the upstream side of the catalytic device 
116 is constant. 

[001 0] However, the NOx sensors 1 40 and 1 42 meas- 
ure the concentration of the urea as a result of the re- 

5 ducing rate of NOx. For this reason, it is impossible to 
previously identify the concentration of the urea which 
Is contained in the urea solution tank 132 or Is sprayed. 
Moreover, the NOx sensors 140 and 142 do not have 
very high sensitivities. 

10 [0011] The present inventors have already proposed 
a fluid identifying method in Japanese Laid-Open Patent 
Publication No. 11-153561 (particularly see paragraphs 
[0042] to [0049]). This method is to cause a heating 
memberto generate heat by carrying electricity, heating 

15 a temperature detector through the heat generation, 
thermally influencing a heat transfer from the heating 
member to the temperature detector through a fluid to 
be identified, and distinguishing the type of the identified 
fluid based on an electrical output corresponding to the 

20 electric resistance of the temperature detector, thereby 
periodically carrying the electricity to the heating mem- 
ber 

[0012] In the fluid identifying method, however, it is 
necessary to periodically carry the electricity to the heat- 
hs ing member (In a multipulse). For this reason, a long 
time is required for the identification so that it is hard to 
Identify a fluid instantaneously. In this method, moreo- 
ver, it is possible to Identify a fluid based on a central 
value for substances having very different properties 
30 such as water, air and oil. However, it Is hard to Identify 
the concentration of the urea of the urea solution accu- 
rately and immediately 

[0013] In consideration of such circumstances, it is an 
object of the present Invention to provide an apparatus 
35 and method for Identifying the concentration of the urea 
of a urea solution which can Identify the concentration 
of the urea of the urea solution accurately and immedi- 
ately. 

[0014] Moreover, it is an obj ect of the present inven- 
40 tion to provide an apparatus and method for reducing 
the exhaust gas of a car using the apparatus and meth- 
od for Identifying the concentration of the urea of a urea 
solution which can efficiently reduce the exhaust gas 
and can enhance a mileage. 

45 

DISCLOSURE OF THE INVENTION 

[0015] The present invention has been made to solve 
the problems and to attain the objects In the prior art 
50 described above, and provides an apparatus for identi- 
fying a concentration of a urea of a urea solution, com- 
prising: 

a urea concentration identifying chamber for caus- 
es ing an Identified urea solution introduced Into a urea 
concentration identifying apparatus body to stay 
temporarily; 

a urea concentration identifying sensor heater pro- 
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vided in the urea concentration identifying chamber; 
and 

a liquid temperature sensor provided in the urea 
concentration identifying chamber apart from the 
urea concentration identifying sensor heater at a s 
constant intervai; 

the urea concentration identifying sensor heater in- 
ciuding a heater and an identifying liquid tempera- 
ture sensor provided in the vicinity of the heater, and 
the apparatus further comprising an identification 
control portion for applying a pulse voltage to the 
urea concentration identifying sensor heater for a 
predetennined time, heating the identified urea so- 
lution staying temporarily in the urea concentration 
identifying chamber by the heater and identifying 
the concentration of the urea with a voltage output 
difference VO corresponding to a temperature dif- 
ference between an initial temperature and a peak 
temperature in the identifying liquid temperature 
sensor. 

[0016] Moreover, the present invention provides a 
method for identifying a concentration of a urea of a urea 

solution, comprising the steps of: 

applying a pulse voltage for a predetermined time 
to a urea concentration identifying sensor heater in- 
cluding a heater and an identifying liquid tempera- 
ture sensor provided in the vicinity of the heater; 
heating an identified urea solution by the heater; 
and 

identifying the concentration of the urea with a volt- 
age output difference VO corresponding to a tem- 
perature difference between an initial temperature 
and a peak temperature In the identifying liquid tem- 
perature sensor. 

[0017] By such a structure, It is sufficientthat the pulse 
voltage is applied for the predetermined time. Conse- 
quently, it Is possible to Identify the concentration of the 
urea of the urea solution accurately and immediately 
through heating for a short time. 
[0018] More specifically, there are utilized the corre- 
lation of the kinetic viscosity of the urea solution with a 
sensor output, a natural convection, and furthermore, 
an applied voltage having one pulse. Therefore, it is pos- 
sible to identify the concentration of the urea of the urea 
solution accurateiy and immediately 
[0019] Furthermore, the present invention is charac- 
terized in that the voltage output difference VO is equal 
to a voltage difference between an average initial volt- 
age V1 obtained by sampling an initial voltage before 
application of the pulse voltage at a predetermined 
number of times and an average peak voltage V2 ob- 
tained by sampling a peak voltage after the application 
of the pulse voltage at a predetermined number of times, 
that is, . 



V0 = V2-V1. 

[0020] By such a structure, it is possible to accurately 
obtain the voltage output difference VO based on the av- 
erage value of the sampling at the predetermined 
number of times for the applied voltage having one 
pulse. Consequently, It is possible to identify the con- 
centration of the urea of the urea solution accurately and 
immediately 

[0021] In addition, the present invention provides the 
apparatus for Identifying a concentration of a urea of a 
urea solution, wherein the identification control portion 
identifies a concentration of a urea of a urea solution 
with the voltage output difference VO obtained for the 
identified urea solution based on calibration curve data 
to be a correlation of a voltage output difference with a 
temperature for a predetermined reference urea solu- 
tion prestored in the identification control portion. 
[0022] Moreover, the present Invention provides the 
niethod for identifying a concentration of a urea of a urea 
solution, wherein a concentration of a urea of a urea so- 
lution is Identified with the voltage output difference VO 
obtained for the identified urea solution based on cali- 
bration curve data to be a correlation of a voltage output 
difference with a temperature for a predetennined ref- 
erence urea solution which is prestored. 
[0023] By such a structure, the concentration of the 
urea of the urea solution Is identified with the voltage 
output difference VO obtained for the identified urea so- 
lution based on the calibration curve data, which Is cor- 
related with the voltage output difference with the tem- 
perature for the predetennined reference urea solution 
which is prestored. Therefore, it is possible to identify 
the concentration of the urea of the urea solution more 
accurately and immediately. 
[0024] Furthemiore, the present invention provides 
the apparatus for Identifying a concentration of a urea 
of a urea solution, wherein the identification control por- 
tion correlates a liquid type voltage output Vout for the 
voltage output difference VO at a measuring tempera- 
ture of the identified urea solution with an output voltage 
for a voltage output difference at a measuring tempera- 
ture for a predetermined threshold reference urea solu- 
tion and thus carries out a correction. 
[0025] In addition, the present invention provides the 
method for identifying a concentration of a urea of a urea 
solution, wherein a liquid type voltage output Vout for 
the voltage output difference VO at a measuring temper- 
ature of the Identified urea solution Is correlated with an 
output voltage for a voltage output difference at a meas- 
uring temperature for a predetermined threshold refer- 
ence urea solution and Is thus corrected. 
[0026] By such a structure, the liquid type voltage out- 
put Vout for the voltage output difference VO at the 
measuring temperature of the Identified urea solution is 
correlated with the output voltage for the voltage output 
difference at the measuring temperature for the prede- 
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termined threshold reference urea solution and Is thus 
corrected. Consequently, It Is possible to eliminate the 
Influence of the temperature on the voltage output dif- 
ference VO, thereby giving the con-elation of the liquid 
type voltage output Vout with the properties of the urea s 
solution more accurately. Thus, it is possible to identify 
the concentration of the urea of the urea solution further 
accurately and immediately. 

[0027] Moreover, the present invention is character- 
ized in that the urea concentration identifying sensor 
heater is a laminated urea concentration identifying sen- 
sor heater in which a heater and an identifying liquid 
temperature sensor are laminated through an Insulating 
layer 

[0028] By such a structure, a mechanism portion for 
carrying out a mechanical operation is not present. 
Therefore, an operation failure is not caused by a dete- 
rioration with the passage of time, foreign matters in the 
urea solution or the lli<e. Thus, it is possible to identify 
the concentration of the urea of the urea solution accu- 
rately and Immediately, 

[0029] In addition, the sensor portion can be consti- 
tuted to be very small-sized. Consequently, it Is possible 
to Identify the concentration of the urea of the urea so- 
lution accurately. with a very excellent thermal respon- 
siveness. 

[0030] Furthermore, the present invention is charac- 
terized In that the heater and the Identifying liquid tem- 
perature sensor In the urea concentration Identifying 
sensor heater are constituted to come in contact with 
the identified urea solution through a metallic fin, re- 
spectively. 

[0031] By such a structure, the heater and the Identi- 
fying liquid temperature sensor in the urea concentra- 
tion Identifying sensor heater do not directly come in 
contact with the identified urea solution. Therefore, an 

operation failure is not caused by a deterioration with 
the passage of time, foreign matters In the urea solution 
or the like. Thus, It Is possible to Identify the concentra- 
tion of the urea of the urea solution accurately and Im- 
mediately, 

[0032] Moreover, the present invention is character- 
ized In that the liquid temperature sensor Is constituted 
to come in contact with the Identified urea solution 
through the metallic fin, 
[0033] By such a structure, the liquid temperature 
sensor does not directly come In contact with the Iden- 
tified urea solution. Therefore, an operation failure is not 
caused by a deterioration with the passage of time, for- 
eign matters in the urea solution or the like. Thus, It Is 
possible to identify the concentration of the urea of the 
urea solution accurately and immediately. 
[0034] In addition, the present invention provides an 
apparatus for reducing an exhaust gas of a car, com- 
prising 

a urea solution supplying mechanism for supply- 
ing a urea solution to an upstream side of a catalytic 
device, 



wherein the urea solution supplying mechanism is 
constituted by a urea solution tank for storing the urea 
solution, a urea pump and a urea spraying device for 
spraying the urea solution fed from the urea pump to the 
upstream side of the catalytic device, and 

any of the apparatuses for identifying a concen- 
tration of a urea of a urea solution described above is 
provided in the urea tank or on an upstream side or a 
downstream side of the urea pump. 
[0035] Furthermore, the present Invention provides a 
method for reducing an exhaust gas of a car, comprising 
the steps of supplying a urea solution to an upstream 
side of a catalytic device through a urea solution sup- 
plying mechanism constituted by a urea solution tank 
for storing the urea solution, a urea pump and a urea 
spraying device for spraying the urea solution fed from 
the urea pump onto the upstream side of the catalytic 
device, and 

identifying a concentration of a urea of the urea 
solution in the urea tank or on an upstream side or a 
downstream side of the urea pump by using any of the 
methods for identifying a concentration of a urea of a 
urea solution described above. 
[0036] By such a structure, it enables to accurately 
and Immediately decide the amount of urea concentra- 
tion, for example, whether or not 32.5% by weight of 
urea and 67,5% by weight of HgO are set in order to 
efficiently generate a reducing reaction at the upstream 
side of the catalytic device 1 1 6 without causing the urea 
solution to cake. 

[0037] Accordingly, the urea of the urea solution in the 
urea tank can be maintained to have a predetermined 
concentration. Consequently, NOx In the exhaust gas 
can be greatly decreased by a reduction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] 

Fig. 1 is a schematic top view showing an example 
of an apparatus for identifying the concentration of 
the urea of a urea solution according to the present 

invention. 

Fig. 2 is a sectional view taken along an A - A line 
in Fig. 1 , 

Fig. 3 is a right side view of Fig. 1 , 
Fig. 4 Is a left side view of Fig. 1 , 
Fig. 5 Is a partially enlarged sectional view showing 
a state in which a urea concentration Identifying 
sensor is attached in Fig. 2, 
Fig. 6 Is a sectional view showing the urea concen- 
tration Identifying sensor. 

Fig. 7 Is a partially enlarged exploded perspective 
view showing a state in which the thin film chip por- 
tions of the urea concentration identifying sensor 
are laminated, 

Fig. 8 is a schematic diagram showing the structure 
of a circuit according to the example of the appara- 
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tus for identifying the concentration of the urea of a 
urea solution according to the present invention, 
Fig. 9 is a graph showing a relationship between a 
time and a voitage, illustrating a method for identi- 
fying the concentration of a urea using the appara- s 
tus for identifying the concentration of the urea of a 
urea solution according to the present invention, 
Fig. 1 0 is a graph showing a calibration curve, illus- 
trating the method for identifying the concentration 
of a urea using the apparatus for identifying the con- io 
centration of the urea of a urea solution according 
to the present invention, 

Fig, 11 is a graph showing an output correcting 
method in the method for identifying the concentra- 
tion of a urea using the apparatus for identifying the 
concentration of the urea of a urea solution accord- 
ing to the present invention, 
Fig. 12 is the same schematic diagram as Fig. 13, 
illustrating an example in which an apparatus 10 for 
identifying the concentration of the urea of a urea 20 
solution according to the present invention is ap- 
plied to a car system, and 
Fig, 1 3 is a schematic diagram showing a conven- 
tional car system. 

25 

BEST IVIODE FOR CARRYING OUT THE INVENTION 

[0039] Embodiments (examples) of the present in- 
vention will be described below in more detail with ref- 
erence to the drawings. so 
[0040] As shown in Figs. 1 and 2, an apparatus 1 0 for 
identifying the concentration of the urea of a urea solu- 
tion according to the present invention comprises a urea 
concentration identifying apparatus body 12, and a first 
passage 1 4 and a second passage 1 6 which are formed 35 
in the urea concentration identifying apparatus body 12. 
[0041 ] As shown in an arrow of Fig. 1 , a urea solution 
to be identified which flows from a urea solution inlet 1 8 
into the first passage 1 4 passes through an intermediate 
chamber 56. Then, the identified urea solution passes 40 
through the intermediate chamber 56, and thereafter, 
enters the second passage 1 6 to temporarily stay in a 
urea concentration identifying chamber 20. 
[0042] The urea concentration identifying chamber 20 
is provided with an opening portion 22 for a urea con- 45 
centration identifying sensor tai<ing the shape of an al- 
most trucl< In an upper part thereof. 
[0043] As shown in Fig. 2, a urea concentration iden- 
tifying sensor 24 is attached to the opening portion 22 
for the urea concentration identifying sensor so 
[0044] As shown in Fig. 5, the urea concentration 
identifying sensor 24 includes a urea concentration 
identifying sensor heater 25 and a liquid temperature 
sensor 28 provided apart from the urea concentration 
identifying sensor heater 25 at a constant interval. Then, 55 
the urea concentration identifying sensor heater 25 and 
the liquid temperature sensor 28 are formed Integrally 
by a mold resin 30. 



[0045] As shown in Fig. 6, moreover, the urea con- 
centration identifying sensor heater 25 includes a lead 
electrode 32 and a thin film chip portion 34. Moreover, 
the urea concentration identifying sensor heater 25 is 
provided with a metallic fin 36 protruded into the urea 
concentration identifying chamber 20 to directly come 
in contact with the identified urea solution through the 
opening portion 22 for the urea concentration identifying 
sensor from the moid resin 30. Then, the lead electrode 
32, the thin film chip portion 34 and the fin 36 are mutu- 
ally connected electrically through a bonding wire 38. 
[0046] On the other hand, the liquid temperatures 
sensor 28 also has the same stnjcture as that of the urea 
concentration identifying sensor heater 25, and includes 
the lead electrode 32, the thin film chip portion 34, the 
fin 36 and the bonding wire 38 respectively 
[0047] As shown in Fig. 7, the thin film chip portion 34 
is constituted by a thin film-shaped chip in which a sub- 
strate 40 formed of AI2O3, a temperature sensor (tem- 
perature detector) 42 formed of PT, an interlayer insu- 
lating film 44 formed of SiOg, a heater (heating member) 
46 formed of TaSiOj, a heating member electrode 48 
formed of Ni, a protective film 50 formed of SiOa, and 
an electrode pad 52 formed of Tl/Au are provided in or- 
der, for example. 

[0048] While the thin film chip portion 34 of the liquid 
temperature sensor 28 also has the same structure, it 
is so constituted as not to cause the heater (heating 
member) 46 to act but to cause only the temperature 
sensor (temperature detector) 42 to act. 
[0049] After the liquid type of the identified urea solu- 
tion is identified by the urea concentration identifying 
sensor 24, the identified urea solution is discharged 
from the urea concentration identifying chamber 20 to 
an outside through a urea solution discharge port 54. 
[0050] In Figs. 1 and 2, moreover, a circuit board 
member connected to the urea concentration identifying 
sensor 24 and a lid member for covering the circuit 
board member are not shown. 
[0051] The apparatus 10 for Identifying the concen- 
tration of the urea of a urea solution according to the 
present invention has the structure of a circuit shown in 
Fig, 8. 

[0052] In Fig. 8, an identifying liquid temperature sen- 
sor 26 of the urea concentration identifyi ng sensor heat- 
er 25 and the liquid temperature sensor 28 in the urea 
concentration identifying sensor 24 are connected to 
each otherthrough two resistors 64 and 66, thereby con- 
stituting a bridge circuit 68. The output of the bridge cir- 
cuit 68 is connected to the input of an amplifier 70, and 
the output of the amplifier 70 is connected to the input 
of a computer 72 constituting an identification control 
portion. 

[0053] Moreover, the applied voitage of a heater 74 of 
the urea concentration identifying sensor heater 25 is 
controlled under the control of the computer 72, 
[0054] In the apparatus 1 0 for identifying the concen- 
tration of the urea of a urea solution which has such a 
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structure, thus, the concentration of the urea of the urea 
solution Is Identified In the following manner. 
[0055] First of all, the Identified urea solution Is 
caused to flow from the urea solution inlet 1 8 of the first 
passage 14 of the apparatus 10 for identifying the con- 
centration of the urea of a urea solution and is caused 
to stay temporarily in the urea concentration identifying 
chamber 20 of the second passage 1 6. 
[0056] As shown in Figs, 8 and 9, a pulse voltage P 
is applied to the heater 74 of the urea concentration 
identifying sensor heater 25 under the control of the 
computer 72 for a predetermined time, that is, four sec- 
onds in the present example, and a change in the tem- 
perature of the analog output of a sensing portion, that 
is, the sensor bridge circuit 68 shown in Fig, 8 Is meas- 
ured, 

[0057] IVlore specifically, as shown in Fig. 9, the volt- 
age difference of the sensor bridge circuit 68 is sampled 
at a predetermined number of times, for example, 256 
times in the present example for one second before the 
pulse voltage P is applied to the heater 74 of the urea 
concentration identifying sensor heater 25, and an av- 
erage value thereof is set to be an average initial voltage 
VI. The value of the average initial voltage VI corre- 
sponds to the Initial temperature of the identifying liquid 
temperature sensor 26. 

[0058] As shown In Fig. 9, the predetermined pulse 
voltage P, that is, a voltage of 1 0V In the present exam- 
ple is applied to the heater 74 of the urea concentration 
identifying sensor heater 25 for four seconds. Subse- 
quently, a value obtained by sampling a peak voltage at 
a predetermined number of times, for example, 256 
times In the present example for one second after a pre- 
determined time, for example, 3 seconds In the present 
example Is set to be an average peak voltage V2. The 
average peak voltage V2 corresponds to the peak tem- 
perature of the Identifying liquid temperature sensor 26. 
[0059] A voltage output difference VO Is obtained from 
a voltage difference between the average Initial voltage 
VI and the average peak voltage V2, that is, 

VO = V2 - VI . 

[0060] By such a method, as shown in Fig, 10, cali- 
bration curve data to be the correlation of a voltage out- 
put difference with a temperature are previously ob- 
tained for a predetermined reference urea solution, that 
is, 0% by weight of urea, 40% by weight of urea and 
20% by weight of urea In the present example, and are 
stored in the computer 72 constituting the Identification 
control portion. 

[0061] Based on the calibration curve data, a propor- 
tional calculation is carried out in the computer 72 and 
the concentration of the urea of the urea solution is iden- 
tified with the voltage output difference VO obtained for 
the identified urea solution, 

[0062] More specifically, as shown in Fig. 11 , a liquid 



type voltage output Vout for the voltage output differ- 
ence VO at a measuring temperature T of the identified 
urea solution is correlated with an output voltage for a 
voltage output difference at a measuring temperature 

5 for a predetermined threshold reference urea solution 
(20% by weight of urea and 40% by weight of urea in 
the present example) and is thus corrected, 
[0063] In other words, as shown in Fig, 11 (A), a volt- 
age output difference VO-20 of 20% by weight of urea, 

10 a voltage output difference VO-40 of 40% by weight of 
urea and a voltage output difference VO-S of the identi- 
fied urea solution are obtained at the temperature T 
based on the calibration curve data. 
[0064] As shown in Fig. 11 (B), the liquid type voltage 

'5 output Vout of the identified urea solution is obtained by 
setting the liquid type output of the threshold reference 
urea solution, so that a correlation with the properties of 
the urea can be acquired. In this case to have a prede- 
termined voltage, that is, by setting the liquid type output 

20 of 40% by weight of urea to be 3,5V and the liquid type 
output of 20% by weight of urea to be 0,5V In the present 
example, 

[0065] The liquid type voltage output Vout of the iden- 
tified urea solution is previously compared with data 

25 stored In the computer 72 based on the calibration curve 
data. Consequently, It Is possible to identify the concen- 
tration of the urea of the urea solution accurately and 
immediately (Instantaneously). 
[0086] The method for Identifying the concentration of 

30 the urea of a urea solution described above utilizes a 
natural convection and a principle In which the kinetic 
viscosity of the urea and the sensor output have a cor- 
relation. 

[0067] Fig. 12 Is the same schematic diagram as Fig. 

35 13, Illustrating an example In which the apparatus 1 0 for 
Identifying the concentration of the urea of a urea solu- 
tion having such a structure Is applied to a car system. 
[0068] The same components as those In Fig. 13 
have the same reference numerals and detailed de- 

40 scrlptlon thereof will be omitted. 

[0069] In a car system 1 00, the apparatus 1 0 for iden- 
tifying the concentration of the urea of a urea solution is 
provided in a urea solution tank 132 or on the upstream 
side of a urea pump 134. 

45 [0070] The apparatus 10 for identifying the concen- 
tration of the urea of a urea solution identifies the con- 
centration of the urea of the urea solution in the urea 
solution tank 132 or on the upstream or downstream 
side of the urea pump 134 (the case of the upstream 

so side will be described in the present example for con- 
venience of explanation) and sets the concentration of 
the urea to be sprayed onto the upstream side of a cat- 
alytic device 116 into a constant state, for example, 
32,5% by weight of urea and 67.5% by weight of HgO in 

55 order to efficiently generate a reducing reaction at the 
upstream side of the catalytic device 116 without caus- 
ing the urea solution to cake. 
[0071] Accordingly, the urea ofthe urea solution in the 
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urea tank can be maintained to fiave a predetennined 
concentration. Therefore, it is possible to greatly de- 
crease NOx In an exhaust gas by a reduction, 
[0072] While the preferred examples of the present in- 
vention have been described above, the present inven- 
tion is not restricted thereto but various changes can be 
made without departing from the obj ects of the present 
invention, for example, a pulse voltage P, the number of 
sampling operations and the like can be changed prop- 
erly. 

(Effect of the Invention) 

[0073] According to the present invention, it is suffi- 
cient that a pulse voltage is applied for a predetermined 
time. Consequently, it is possible to identify the concen- 
tration of the urea of a urea solution accurately and im- 
mediately through heating for a short time. 
[0074] More specifically, there are utilized the corre- 
lation of the kinetic viscosity of the urea solution with a 
sensor output, a natural convection, and furthermore, 
an applied voltage having one pulse. Therefore, it Is pos- 
sible to identify the concentration of the urea of the urea 
solution accurately and immediately 
[0075] According to the present invention, moreover, 
it is possible to accurately obtain a voltage output differ- 
ence VO based on the average value of sampling at a 
predetemnined number of times for the applied voltage 
having one pulse. Consequently, It is possible to identify 
the concentration of the urea of the urea solution accu- 
rately and immediately. 

[0076] According to the present invention, further- 
more, the concentration of the urea of the urea solution 
is identified with the voltage output difference VO ob- 
tained for the Identified urea solution based on calibra- 
tion curve data to be the con-elation of a voltage output 
difference with a temperature for a predetennined ref- 
erence urea solution which Is prestored. Therefore, it is 
possible to Identify the concentration of the urea of the 
urea solution more accurately and immediately 
[0077] According to the present invention, moreover, 
a liquid type voltage output Vout for the voltage output 
difference VO at the measuring temperature of the iden- 
tified urea solution is corrected to be correlated with the 
output voltage for the voltage output difference at the 
measuring temperature for a predetermined threshold 
reference urea solution. Consequently it is possible to 
eliminate the influence of thetemperature on the voltage 
output difference VO, thereby giving the correlation of 
the liquid type voltage output Vout with the properties of 
the urea solution more accurately. Thus, It is possible to 
identlfytheconcentrationoftheurea of the urea solution 
further accurately and immediately 
[0078] According to the present invention, further- 
more, a mechanism portion for carrying out a mechan- 
ical operation is not present. Therefore, an operation 
failure Is not caused by a deterioration with the passage 
of time, foreign matters in the urea solution or the like. 



Thus, it Is possible to identify the concentration of the 
urea of the urea solution accurately and Immediately, 
[0079] In addition, the sensor portion can be consti- 
tuted to be very small-sized. Consequently, it Is possible 
5 to Identify the concentration of the urea of the urea so- 
lution accurately with a very excellent thennal respon- 
siveness. 

[0080] According to the present invention, moreover, 
the heater of the urea concentration identifying sensor 

10 heater, the identifying liquid temperature sensor and the 
liquid temperature sensor do not directly come in con- 
tact with the identified urea solution. Therefore, an op- 
eration failure is not caused by a deterioration with the 
passage of time, foreign matters in the urea solution or 

'5 the like. Thus, it is possible to identify the concentration 
of the urea of the urea solution accurately and immedi- 
ately. 

[0081] According to the present invention, further- 
more, it is possible to accurately and immediately decide 

20 whether or not 32.5% by weight of urea and 67,5% by 
weight of i-i20 are set in order to efficiently generate a 
reducing reaction at the upstream side of the catalytic 
device 116 without causing the urea solution to cake. 
[0082] Accordingly, the urea of the urea solution in the 

25 urea tank can be maintained to have a predetermined 
concentration. Consequently, the NOx in the exhaust 
gas can be greatly decreased by a reduction. Thus, the 
present invention can produce various remarkable and 
peculiar functions and effects, which is very excellent. 

30 

Claims 

1. An apparatus for identifying a concentration of a 
35 urea of a urea solution, comprising: 

a urea concentration Identifying chamber for 
causing an Identified urea solution Introduced 
into a urea concentration identifying apparatus 
40 body to stay temporarily; 

a urea concentration identifying sensor heater 
provided in the urea concentration identifying 
chamber; and 

a liquid temperature sensor provided in the 
45 urea concentration identifying chamber apart 

from the urea concentration Identifying sensor 
heater at a constant interval; 
the urea concentration Identifying sensor heat- 
er including a heater and an identifying liquid 
50 temperature sensor provided in the vicinity of 

the heater, and 

the apparatus further comprising an identifica- 
tion control portion for applying a pulse voltage 
to the urea concentration identifying sensor 
55 heater for a predetennined time, heating the 

identified urea solution staying temporarily In 
the urea concentration identifying chamber by 
the heater and identifying the concentration of 
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the urea with a voltage output difference VO cor- 
responding to a temperature difference be- 
tween an inltiai temperature and a peal< tem- 
perature in the identifying liquid temperature 



7. The apparatus for identifying a coricentratlon of a 
urea of a urea solution according to any of claims 1 
to 6, wherein the liquid temperature sensor is con- 
stituted to come in contact with the identified urea 
solution through the metallic fin. 



2. The apparatus for identifying a concentration of a 
urea of a urea solution according to claim 1 , wherein 
the voltage output difference VO is equal to a volt- 
age difference between an average initial voltage 
V1 obtained by sampling an Initial voltage before 
application of the pulse voltage at a predetermined 
number of times and an average peak voltage V2 
obtained by sampling a peak voltage after the ap- 
plication of the pulse voltage at a predetermined 
number of times, that is, 

VO = V2 - VI . 

3. The apparatus for identifying a concentration of a 
urea of a urea solution according to claim 1 or 2, 
wherein the identification control portion identifies 
a concentration of a urea of a urea solution with the 
voltage output difference VO obtained for the iden- 
tified urea solution based on calibration curve data 
to be a con-elation of a voltage output difference with 
a temperature for a predetemnined reference urea 
solution prestored in the identification control por- 
tion. 

4. The apparatus for identifying a concentration of a 
urea of a urea solution according to any of claims 1 
to 3, wherein the identification control portion cor- 
relates a liquid type voltage output Voutfor the volt- 
age output difference VO at a measuring tempera- 
ture of the identified urea solution with an output 
voliage for a voltage output difference at a measur- 
ing temperature for a predetermined threshold ref- 
erence urea solution and thus carries out a correc- 
tion, 

5. The apparatus for identifying a concentration of a 
urea of a urea solution according to any of claims 1 
to 3, wherein the urea concentration Identifying sen- 
sor heater is a laminated urea concentration identi- 
fying sensor heater in which a heater and an iden- 
tifying liquid temperature sensor are laminated 
through an insulating layer. 

6. The apparatus for identifying a concentration of a 
urea of a urea solution according to any of claims 1 
to 5, wherein the heater and the identifying liquid 
temperature sensor in the urea concentration iden- 
tifying sensor heater are constituted to come in con- 
tact with the identified urea solution through a me- 
tallic fin, respectively. 



8. A method for identifying a concentration of a urea 
of a urea solution, comprising the steps of: 

10 applying a pulse voltage for a predetermined 

time to a urea concentration Identifying sensor 
heater Including a heater and an identifying liq- 
uid temperature sensor provided in the vicinity 
of the heater; 

'5 heating an identified urea solution by the heat- 

er; and 

identifying the concentration of the urea with a 
voltage output difference VO corresponding to 
a temperature difference between an initial 
20 temperature and a peak temperature in the 

identifying liquid temperature sensor. 

9. The method for identifying a concentration of a urea 
of a urea solution according to claim 8, wherein the 

S5 voltage output difference VO is equal to a voltage 
difference between an average initial voltage V1 ob- 
tained by sampling an initial voltage before applica- 
tion of the pulse voltage at a predetemiined number 
of times and an average peak voltage V2 obtained 

30 by sampling a peak voltage after the application of 
the pulse voltage at a predetennined number of 
times, that is, 

35 VO = V2 - V1 , 

10. The method for identifying a concentration of a urea 
of a urea solution according to claim 8 or 9, wherein 
a concentration of a urea of a urea solution is iden- 

40 titled with the voltage output difference VO obtained 
for the identified urea solution based on calibration 
curve data to be a correlation of a voltage output 
difference with a temperature for a predetermined 
reference urea solution which Is prestored. 

45 

1 1 . The method for identifying a concentration of a urea 
of a urea solution according to any of claims 8 to 
10, wherein a liquid type voltage output Vout for the 
voltage output difference VO at a measuring tem- 

50 perature of the identified urea solution Is correlated 
with an output voltage for a voltage output differ- 
ence at a measuring temperature for a predeter- 
mined threshold reference urea solution and is thus 
corrected. 

55 

12. The method for identifying a concentration of a urea 
of a urea solution according to any of claims 8 to 1 1 , 
wherein the urea concentration identifying sensor 
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heater is a laminated urea concentration Identifying 
sensor heater in which a heater and an Identifying 
liquid temperature sensor are laminated through an 
Insulating layer. 

5 

13. The method for identifying a concentration of a urea 
of a urea solution according to any of claims 8 to 

12, wherein the heater and the identifying liquid 
temperature sensor in the urea concentration iden- 
tifying sensor heater are constituted to come in con- io 
tact with the identified urea solution through a me- 
tallic fin, respectively 

14. The method tor identifying a concentration of a urea 

of a urea solution according to any of claims 8 to is 

1 3, wherein the liquid temperature sensor Is consti- 
tuted to come in contact with the identified urea so- 
lution through the metallic fin. 

15. An apparatus for reducing an exhaust gas of a car, 20 
comprising: 

a urea solution supplying mechanism for sup- 
plying a urea solution to an upstream side of a 
catalytic device, ' 25 

wherein the urea solution supplying mecha- 
nism Is constituted by a urea solution tanl< for stor- 
ingtheureasolution.aureapumpandaureaspray- 
Ing device for spraying the urea solution fed from so 
the urea pump to the upstream side of the catalytic 
device, and 

the apparatus for Identifying a concentration 
of a urea of a urea solution according to any of 
clainis 1 to 7 Is provided in the urea tanl< or on an 35 
upstream side or a downstream side of the urea 
pump. 

16. A method for reducing an exhaust gas of a car, com- 
prising the steps of: 40 

supplying a urea solution to an upstream side 
of a catalytic device through a urea solution 
supplying mechanism constituted by a urea so- 
lution tank for storing the urea solution, a urea 45 
pump and a urea spraying device for spraying 
the urea solution fed from the urea pump onto 
the upstream side of the catalytic device, and 
identifying a concentration of a urea of the urea 
solution In the urea tank or on an upstream side so 
or a downstream side of the urea pump by using 
the method for identifying a concentration of a 
urea of a urea solution according to any of 
claims 8 to 14. 
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Fig. 3 



54^ 



12 



EP 1 538 437 A1 




13 



EP 1 538 437 A1 



Fig. 5 
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Fig. 7 
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